Health and longevity have increased substantially over the last 50 years, yet the labor force participation of older men has declined in most developed countries. We use mortality as a measure of health to assess the capacity to work at older ages in 12 OECD countries. For a given level of mortality, the employment rates of older workers vary substantially across countries and over time within countries. At each mortality rate in 2007, if American men between the ages of 55 and 69 had worked as much as American men in 1977 they would have worked an additional 3.7 years between ages 55 and 69. That is, men in this age range in 2007 would have had to work 46.8 percent more to work as much as men with the same mortality worked thirty years earlier in 1977. Comparing across countries, at each mortality rate in 2007, to match the work of American men, French men for example would have to work 4.6 years more between the ages 55 to 69 than they actually did work. We also find that there is little relationship across countries between mortality improvements and the change in employment at older ages.
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Countries around the world are facing two conflicting long-run phenomena.
Health and longevity have improved substantially over the past several decades. At the same time, the labor force participation of men at older ages has declined substantially.
Assuming that improved health increases the productive capacity of older persons, the improvement in the capacity to work has not been allocated to increasing employment.
With many countries facing financial stress on social security and/or health care programs the capacity to prolong working lives may be an important option in paying for the higher costs that increased longevity places on these programs. In this paper, we use mortality as a measure of health and the capacity to work at older ages. We think of mortality as one important indicator of health. We understand that mortality is only one of many potential measures of health. For our purposes, however, mortality has the advantage that it is comparable within countries over time and comparable across countries at a point in time and thus allows the comparisons that we make in this paper.
We aim to shed light on the dispersion across countries in work at older ages given health as measured by mortality.
We compare results across the twelve OECD countries that are participating in the International Social Security Project for which long time-series of labor force and mortality data are available. 1 Our analysis is based on data for the fifty year time period 1957 to 2007. We focus primarily on data for ages 60 to 64, since in many countries the 1 Our twelve countries are Belgium, Canada, Denmark, France, Germany, Italy, Japan, the Netherlands, Spain, Sweden, the United Kingdom, and the United States. These countries correspond to the twelve countries used in the International Social Security project studying both elderly employment (Gruber and Wise 2004) and mortality and health at older ages (Wise 2011) and the summary to the latter volume (Milligan and Wise 2011). greatest transition between work and non-work occurs in this age range. We use data for men only, since long-run analysis of the employment of women is complicated by the cross-cohort growth of the female work-force in the second half of the twentieth century.
The improvement in mortality in developed countries is well-known and many papers discuss the evidence. A summary of the trends in developed countries in life expectancy at age 50 is provided in Glei, Meslé, and Vallin (2010) . They find that, in both the 1950 to 1980 and the 1980 to 2004 periods, lower mortality from heart disease and other circulatory diseases provide the biggest source of improvements across countries for men. Crimmins, Garcia, and Kim (2010) find a weak association between health differences and life expectancy across countries, although Japan has the best health indicators and longest life expectancy and the United States among the lowest on both. The determinants of mortality are discussed in Cutler, Deaton, and Lleras-Muney (2006) and Soares (2007) . Both of those reviews emphasize the primacy of technological medical advances in explaining the continued improvements in mortality.
An important caveat to the improvements in mortality comes from the concept of healthy life expectancy, which aims to understand how much of one's life is lived in a disease-free healthy state. The implications of longer lifetimes are quite different if the extra years of life are spent in a frail state. Jagger and Robine (2011) provide a review of the evidence on healthy life expectancy. They emphasize definitional and data challenges, which contributes to the mixed nature of the evidence on this question. A recent review of the evidence in the United States by Crimmins and Beltrán-Sánchez (2010) concludes that the time spent in disease and with mobility functioning loss has been increasing. Compiling data from 187 countries for 1990 to 2010, Salomon et al.
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(2010) don't find much evidence of expanding healthy lives. On the other hand, Cutler, Ghosh, and Landrum (2014) offer recent evidence that healthy life spans have been increasing.
There are also well-documented differences in mortality within countries across socio-economic groups. These differences are documented in Pappas et al. (1993) and Rogers et al. (2000) . Huisman et al. (2013) provide updated evidence for Europe. This body of research suggests that those with lower education and income, or worse housing, have higher mortality rates. Cutler, Deaton, and Lleras-Money (2006) , however, caution that not all of these relationships may be causal.
There is also a large body of research into labor supply at older ages and retirement. Employment at older ages has dropped in developed countries in the last half century although with an increase beginning in the mid-1990s in our set of twelve countries. This decline in employment motivated research to understand the causes of the drop in employment. A series of cross-country studies (Gruber and Wise 1999 , 2007 investigated the impact of social security provisions on retirement, finding that inducements to retire inherent in social security policy provisions are very strongly related to work at older ages and in many countries induce early retirement. Blöndal and Scarpetta (1999) reproduce the Gruber and Wise (1999) analysis for more OECD countries. Lumsdaine and Mitchell (1999) provide a summary of the retirement and incentives literature. More recently, von Wachter (2012) provides a meta-analysis of the impact of financial incentives on the labor supply of older workers.
Our paper is set out in several sections. In section 1 we explore the relationship between mortality and other measures of health. In section 2 we discuss improvements 4 in mortality over time. In section 3 we consider the relationship between employment and mortality across countries. In section 4, we compare employment by mortality in 1977 and 30 years later in 2007. In section 5, we develop what we believe is a novel way to measure the capacity to work and to compare the capacity to work across countries. In section 6 we use our prior results to consider capacity to work and labor force participation across countries. The results reinforce the prior evidence that differences across countries in employment, including differences in employment at given levels of mortality, are determined for the most part by differences in the policy inducement to retire inherent in social security plan provisions across countries.
Differences in employment seem unrelated to health differences as captured by mortality. Moreover, if the policies that induce retirement were the same across countries employment at given mortality levels would be very similar across countries. It is unlikely that differences in work capacity at given mortality levels generate observed differences in employment across countries. Section 7 is a summary and discussion.
We believe we make the case that mortality is an important measure of health that facilitates the comparison of health and the capacity to work across countries. The mortality and employment comparisons provide new evidence on the dispersion across countries of both health and employment trends. The measure of capacity to work based on employment by mortality is novel and shows substantial and informative variation over time both within countries and across countries. An important caveat to our results is that all of the mortality rates we use are averages across all groups in the population and do not distinguish the large differences by socioeconomic group and especially by education.
Mortality and other measures of health
We aim to better understand the relationship between health and work at older ages and how it differs across countries. Two problems confound the study of this relationship. First, rich data on health is available only for more recent years in most countries. Surveys such as the Health and Retirement Study in the United States provide extensive data over the last twenty years, but do not provide data for study over a longer time period. The second problem is international comparability. It is well known that subjective health measures are subject to substantial country-specific response effects resulting from linguistic and cultural differences in the interpretation of survey questions. 2 More objective administrative data on health is available in some countries, but international differences in definitions and health measures limit the use of these data for cross-country comparisons.
We use mortality to overcome these problems. Comparable data on mortality are available for very long time series-stretching back to the 18 th century in some countries-and allow the construction of data series that are comparable across countries.
To establish the relationship between mortality and other measures of health, we consider different views of the data, in particular with respect to self-assessed health (SAH). First we demonstrate the relationship between mortality and SAH across countries, including the presence of SAH country-specific response effects. Second, we
show the relationship between the percent change in SAH and the percent change in 6 mortality across countries, in effect differencing out the country specific SAH response effects. Third we calculate mortality and SAH "equivalent ages" in the United States.
Fourth, we point out the strong relationship between mortality and a more general measure of health-the Poterba, Venti, and Wise health index. We draw on two key data sources--the Human Mortality Database and the National Health Interview Survey, from which we form a series of SAH by age and year. More information on these data sources is provided in the Appendix.
Note: The data for mortality come from the Human Mortality Database and the self-assessed health data are from the National Health Interview Survey. There is also more information in the data appendix.
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Mortality and SAH across Countries: Figure 1 -1 shows the relationship between mortality and SAH for men age 60-64 in the United States between 1972 and 2006. Death rates are shown on the left-hand axis and the proportion responding that self-assessed health is fair or poor is shown on the right-hand axis. Overall there is a rather close correspondence between the two series although self-assessed health has been volatile since 2002. Figure 1- The average of mortality minus SAH over the years for which the two are available in each country-and the number of years varies across countries-which we interpret here as a simple measure of SAH country response effects with respect to mortality are shown in Figure 1 -3. Thus to compare health across countries based on SAH it is necessary to make adjustment for country response effects which is explored in detail by Kapteyn, Smith, and Van Soest (2007) .
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Notes: Authors calculations based on data from the International Social Security Project.
Cross-Country Comparison between the Percent Change in Mortality and the Percent

Change in SAH:
One way to attempt to control for country-specific SAH response effects is to consider the relationship between the percent change in SAH and the percent change in mortality across countries-that is in effect differencing out the SAH country response effects. Following this approach, Milligan and Wise (2012) Notes: Authors calculations based on data from Milligan and Wise (2012) .
Mortality Equivalent Ages versus SAH Equivalent Ages in the US:
Another way to show the relationship between mortality and SAH is to consider changes in both over time within one country. Milligan and Wise (2012) Comparing these two trends, men who were 69 in the 2000s had about the same SAH as men who were over 9 years younger, age 60, in the 1970s.
Notes: Authors calculations based on data from Milligan and Wise (2012) .
Mortality and The Poterba, Venti, Wise Health Index:
The PVW index is the first principal component of the responses to 27 health questions asked in the Health and Retirement Study (HRS). It is explained in more detail and its properties are described in Poterba, Venti, and Wise (2013) . The index is strongly related to mortality--for example the relationship between the health index in In short, we conclude that there is a rather close relationship between mortality and other measures of health, in particular SAH when scaled to "difference out" the country-specific response effects, and the PVW health index.
Mortality Improvement
Mortality has improved tremendously over the last fifty years in most developed countries. The extent of the improvements for the age interval 60-64 for men is shown in Calculations like the one for Belgium were made for each country and the results are presented in percent for the high school or less group and 60 versus 38 percent for the any college group. The simulated proportion on disability is also higher than the observed proportion, but the difference is very small relative to the difference in labor force participation.
In the following sections we explore how these improvements in mortality are reflected in changes to the employment rates of men across countries.
Mortality and employment
The decline in labor market attachment of older workers over the last 50 years is well-documented. Time series data compiled by participants in the International Social Security Project extended back to the early 1960s for most of the countries. 6 These data show that in the early 1960s the employment rate of men 60 to 64 was between 70
and just over 85 percent in all of the countries with the exception of Italy, where the employment rate in 1960 was about 58 percent. Thereafter the employment rate declined in all countries until the early or mid-1990s. In many of the countries the reversal in the decline in the mid-1990s can be attributed to social security program reforms (Gruber and Wise 2007) . In other countries the reason for the reversal is less clear and may be due to changes in general labor market conditions. 7 We emphasize one important feature of these data. In the late 1960s and early 1970s, the difference across in employment rates across countries was modest, between 70 and 80 percent in all countries for which data are available, with the exception of Italy. In the 1980s, the dispersion across countries grew much larger. In those years, some countries introduced special early retirement provisions to their social security programs (see Gruber and Wise 2010 for the history and detail) which may have played a role in the emerging dispersion across countries. We return below to further consideration of differences in employment rates across countries. We find no evidence that the growing dispersion of employment was related to dispersion over time in the capacity to work.
Change in Mortality versus Change in Employment:
Have gains in "work capacity" been matched by gains in employment? We first consider the relationship across countries between the change in employment and the change in mortality. 
Employment by Mortality versus Employment by Age:
An alternative way to understand the employment-mortality relationship is to compare the employment by mortality rate with employment by age. Figures 3-3 and 3-4 show these two views of the data. Figure 3-3 shows the employment rate by mortality. To understand this figure, consider a given mortality rate and the employment rate at the age corresponding to that mortality rate. If we do this for each mortality rate we map out an employment-mortality curve that displays the employment rate at each level of mortality. Figure 3 -3 displays this relationship for eight countries, using employment data at each age drawn from Milligan and Wise (2012) . The relationship is plotted for slightly 21 different years depending on the data available in each country. Note first that for the ages at which the mortality rate is low in each country-say between 0.002 and 0.004there is little difference across countries in the employment rate. However, there is increasing dispersion across countries as the death rate increases-as age increases and which we return to just below. For example, at a death rate of 0.015 in each country, the employment rates varied widely from about 4.5 percent in France to about 49 percent in the United States. This substantial variation suggests that countries with the same level of health (as measured by mortality) have widely different employment levels at the same capacity to work.
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Now consider the companion Figure 3-4 
Employment by Mortality in 1977 and 2007
We have seen that employment by mortality differs greatly across countries at a given time. We now consider how employment by mortality has changed over time.
This is a precursor to developing a mortality-based measure of the capacity to work within a country and across countries. Figure 4-1 Employment at a death rate of 0.027 fell from about 0.30 to close to zero.
To give a broader picture of the divergence in employment by mortality, Figure 4 In short, the employment-mortality figure reveals two important features of the data. First, within countries, the employment-mortality relationship has undergone a tremendous evolution over the past 30 years. Second, there is substantial variation across countries in employment for a given level of health as measured by mortality.
Measuring the Capacity to Work
We present a new and perhaps novel calculation to characterize the magnitude of differences in the mortality-employment relationship within countries over time and between countries in the same time period. The evidence presented above suggests that expansions in the work capacity of older people measured by mortality reduction have not been matched by more work. In addition, for a given level of mortality, there is wide dispersion in employment rates across countries. Putting these two findings together, a counterfactual calculation can make the magnitude of the observed changes clear.
We consider data like those in the US employment-mortality plot in Figure 4 -1.
Using those data, we ask what the gain in employment would be if the employment at each level of mortality were the same in 2007 as it was in 1977. That is, we calculate the distance between the two curves in Figure 4-1 The calculation is performed by first choosing a base year and a comparison
year. For each age of the comparison year, we observe the level of mortality and the 27 employment rate. We then find the employment rate that corresponds to that level of mortality for the base year. We do this for each age in the comparison year. We sum across ages to determine the change in the mortality capacity to work relative to the base year. We present the results of two sets of calculations in work are for Italy and France, where men worked 54 and 56 percent less, respectively, but the differences were also large in Sweden (19 percent), the UK (20 percent), Canada (25 percent), and Germany (32 percent). We emphasize that these differences in "capacity to work" should not be taken as indicators of how much should be worked in any particular country, which will depend on individual preferences and associated retirement policies, but simply as what is observed.
Notes: Authors calculations based on data from the International Social Security Project and Human Mortality Database.
Capacity to Work and Social Security Incentives to Retire
The findings of the International Social Security Project reported in Gruber and Wise (1999) show that a large fraction of the difference across countries in the labor force participation of men 55 to 65 is explained by differences in the provisions of the social security systems in the countries. In that analysis the inducement to retire is measured by the tax force to retire, that captures the strength of the inducement to retire at older ages. 8 Here we compare the tax-force to retire versus being out of the labor force from the Gruber and Wise study with our findings here on employment versus mortality. Note that we use employment in this study and the Gruber and Wise study used labor force participation. We take our employment rates and transform them to 'not working rates' by subtracting the employment rate from 1. The difference between out of the labor force and not working is the proportion who are in the labor force, but not working-the unemployed.
Consider these two relationships-(1) the relationship between the tax force to retire and the proportion of men 55 to 65 not in the labor force and (2) the relationship between the tax force to retire and the proportion of men not working when the death rate is 0.015 percent. Both are shown in Figure 6 -1. The first relationship-the lower line in the figure-is the relationship reported in Gruber and Wise (1999) . In France, the Netherlands, Belgium, and Italy with the greatest tax force to retire, 60 to 70 percent of men 55 to 64 are not in the labor force, whereas in the United States, where the tax force to retire is much lower, only about 37 percent of men in this age group are out of the labor force.
The second relationship-the upper curve in Figure 6 -1-plots data from this paper. It shows the relationship between the tax force to retire and the proportion of men not working when the mortality rate is 0.015 (the data shown in Figure 4 -3).
Although these data are not available for all countries, the figure suggests that the incentive effects inherent in social security pension plans are a strong determinant of work by age and a strong determinant of work by health (mortality); one relationship essentially mimics the other. We conclude from these two relationships that mortality as a measure of health can mean the same thing in France and Italy as it does in the U.S.
If the tax force to retire were the same in France and Italy as in the U.S., the relationship suggests that work at older ages would be about the same in France and Italy as in the 32 U.S. And, work when health is the same (here using a level of 0.015 mortality for health) would be about the same in France and Italy as in the U.S. Or put another way, if plan provisions were similar, work by mortality ("health") would be about the same in Italy and France as in the U.S.
Thus it would appear that the mortality capacity to work is essentially the same in Italy and France as in the United States. This analysis suggests that it is the difference in retirement policy that creates the difference in employment at a given mortality level and not differences in the capacity to work. Recall from Figure 3 -3 that at low mortality levels, corresponding to younger ages, the employment rate was virtually the same across the countries. Only at older ages, with higher mortality rates, did differences in employment at given death rates emerge. It is at these older ages that the social security retirement inducements to retire have their strongest bite.
In short, Figure 6 -1 offers evidence that differences across countries in employment, including differences in employment at given levels of mortality, seem to be determined in large part by differences in the policy inducement to retire inherent in social security plan provisions across countries. Differences in employment seem not to be related to health differences as captured by mortality. Moreover, if the policies that induce retirement were the same across countries, employment at given mortality levels would be very similar across countries. It is unlikely that differences in work capacity at given mortality levels generate observed differences in employment across countries.
Conclusions
We have explored the relationship between health and employment, using mortality as a measure of health. Mortality is available for long time series, comparable within countries over time and comparable across countries and point in time. Mortality is also strongly related to SAH within countries and, when transformed to difference out country-specific SAH response effect, is also rather strongly related to mortality over time across countries. Mortality is also strongly related to the Poterba-Venti-Wise health index. We believe that these features of mortality tend to support its use as a measure of health across countries. We document very large decreases in mortality over the 1957 to 2007 period, but these gains are not in general reflected in gains in employment rates for older workers. For a given level of health measured by mortality, employment rates vary substantially through time and across countries. This suggests that observed employment differences across countries at older ages are unlikely to be explained by health differences or the capacity to work at older ages. worked as much as men in this age interval worked in 1977 at each mortality rate they would have worked 47 percent more than they did in 2007.
Using 2007 United States as a base, we find that French men between age 55 and 69 in 2007 would work 4.62 years more if they worked as much as American men
Appendix: Data sources
Mortality
The source for mortality data is the Human Mortality Database (2011). These data have been put together on a consistent basis through time and across countries. Full documentation is available at www.mortality.org. We use the data provided for the twelve countries under consideration in our paper. We use the provided death rates, which are calculated as the ratio of the death count to those exposed to risk of death.
The exposure to risk calculation involves an adjustment between the population count at the beginning and the end of period, as described in Appendix E of the methods protocol in the Human Mortality Database. In practice for our purposes, this adjustment matters very little compared to a 'raw' death rate calculated as the ratio of deaths to beginning population count. For years with multiple measures available (owing mostly to geography changes resulting from treaties or wars), we take the measure corresponding with the newer geography. Data are available for individual ages, and also in 5-age groupings (50 to 54; 55 to 59; 60 to 64 etc.). We make use of both the individual and 5-age aggregations.
The death rates are calculated as:
, where ay M is the death rate at age a in year y; ay D is the estimated number of deaths for that age and year, and ay E is the estimated person-years lived by persons of that age in that year. The death estimates differ from the raw counts because of the allocation of deaths of unknown age across the population, among other technical adjustments. In particular, deaths are often reported in 1x1 Lexis squares in the raw data. These are split into Lexis triangles using a regression imputation. In practice, this makes little difference for the age ranges we consider, since upper and lower Lexis triangles are not systematically different at these ages. See the Human Mortality Database methods protocol by Wilmoth, Andreev, Jdanov, and Glei (2007) . The adjustments to the denominator incorporate the population count at the beginning and end of the period Employment
